The human immunodeficiency virus type 1 (HIV-1) laboratory strains adapted to T-cell lines, as well as most syncytium-inducing primary isolates, replicate poorly in macrophages, which, beside CD4 ؉ T lymphocytes, are major targets of HIV-1. In the present work, we used a semiquantitative PCR-based technique to study viral entry into cells, kinetics of reverse transcription, and translocation of the viral DNA into the nucleus of macrophages infected with different HIV-1 strains. Our results demonstrate that T-lymphotropic strains efficiently enter macrophages. Entry was inhibited by a monoclonal antibody against CD4 and by stromal cell-derived factor 1␣, a natural ligand of CXCR4, suggesting that both CD4 and CXCR4 act as receptors on macrophages for HIV-1 T-lymphotropic strains. Analysis of the kinetics of reverse transcription and nuclear import revealed that the most pronounced differences between T-lymphotropic and macrophagetropic strains occurred at the level of nuclear translocation of viral DNA, although a delay in reverse transcription was also observed. These results suggest that postentry steps are critical for restricted replication of T-lymphotropic HIV-1 strains in macrophages.
Human immunodeficiency virus type 1 (HIV-1) is characterized by a high degree of genetic variability, resulting in differences in biological properties such as replicative rate, syncytium-inducing capacity, and preferential infection of specific target cells (3, 12, 28, 58) . Beside CD4 ϩ T lymphocytes, macrophages are the major targets of HIV-1. Although most primary isolates can infect cells of both types (59, 64) , there is a clear strain-specific preference toward one or the other target, which correlates with the clinical outcome of HIV-1 infection (39, 64) . Viruses isolated during primary infection have a predominantly macrophagetropic and non-syncytium-inducing phenotype (60) . During the period between the initial infection and the full-blown disease, a shift from macrophage tropism to T-cell tropism, associated with the emergence of syncytiuminducing viruses, has been observed in serial peripheral blood virus isolates (17, 54, 64) . A similar change in tropism can be seen during laboratory adaptation of primary isolates to transformed T-cell lines. Viruses adapted to T-cell lines can still infect primary T lymphocytes but lose the ability to replicate efficiently in macrophages. Since biological diversity plays an important role in the pathogenesis of HIV-1 infection, numerous genetic studies have been directed toward characterization of viral determinants responsible for selective tropism. A specific region of the envelope gp120 protein, the V3 loop, was demonstrated to be a main determinant of HIV-1 tropism (34, 44, 55) , suggesting that the major block to HIV-1 replication in macrophages was at the step of virus entry. This hypothesis was further supported by demonstration of the correlation between the fusion capacity of the envelope glycoprotein and the tropism of different HIV-1 strains (6) . However, other investigators arrived at different conclusions. A measurement of fluorescence dequenching of virus-cell fusion indicated that T-lymphotropic viruses fuse efficiently with primary macrophages, suggesting that a block at a postentry step in the viral life cycle was responsible for restricted replication of these strains in macrophages (49) . Other reports supported this conclusion, demonstrating an efficient synthesis of HIV-1 DNA in macrophages infected with T-lymphotropic strains (33, 53) .
The CD4 glycoprotein is the major receptor for HIV-1 on T lymphocytes and monocytes/macrophages (16, 18, 35) . Several studies indicated that entry of HIV-1 into target cells requires additional cell cofactors besides CD4 (7, 14) . Members of the seven-transmembrane-domain G-protein-coupled receptors have been recently identified as such cofactors. An ␣-chemokine receptor CXCR4 was shown to act as a coreceptor for T-lymphotropic strains (27) . The natural ligand for this receptor was later identified as stromal cell-derived factor 1 (SDF1) (5, 46) . Subsequently, several groups identified CCR5, a member of the ␤-chemokine receptor family, as a coreceptor for macrophage-tropic viruses (2, 13, 19, 21, 22) . These findings suggested that cell tropism of HIV-1 may be determined by differential expression of chemokine receptors on target cells. However, this simple model was questioned in recent studies, where expression of CXCR4 mRNA was detected in primary macrophages refractory to infection by T-lymphotropic viruses (38, 41) .
Here, we used a semiquantitative PCR-based technique to determine the critical step at which replication of HIV-1 Tlymphotropic strains is restricted in primary macrophages. Our results demonstrate that these viruses enter efficiently macrophages, using CD4 and CXCR4 as coreceptors. According to our results, replication is restricted at a postentry level, with the most pronounced defect observed at the level of nuclear import of viral DNA.
MATERIALS AND METHODS
Isolation and culture of human macrophages and lymphocytes. Peripheral blood mononuclear cells from healthy donors undergoing leukopheresis were separated on a Ficoll-Hypaque (Pharmacia) gradient. Suspensions of 8 ϫ 10 6 cells/ml, prepared in Dulbecco's modified Eagle's medium supplemented with 10% heat-inactivated human serum, were allowed to adhere to plastic for 2 h at 37°C. Afterwards, T-lymphocyte and macrophage cultures were prepared as follows. For T-lymphocyte cultures, nonadherent cells were transferred to new flasks and subjected to a second round of adherence to eliminate contaminating monocytes. On the next day, nonadherent cells were collected by centrifugation, resuspended in RPMI 1600 medium supplemented with 10% heat-inactivated fetal calf serum, and stimulated with 5 g of phytohemagglutinin per ml for 3 days. For macrophage cultures, adherent cells were washed extensively, and medium containing 2 ng of human macrophage colony-stimulating factor (MCSF; Sigma) per ml was added to the cultures. After 24 h, adherent monocytes were treated with 10 mM EDTA, washed, detached, and seeded into 24-well plates (PRIMARIA; Falcon) at the concentration of 10 6 cells/ml. Cells were allowed to differentiate for 7 days in the presence of MCSF. At this time, 99.5 to 99.8% of the cells were macrophages, as determined by cytochemical staining for nonspecific esterase (Alpha-Naphthyl Acetate Esterase kit; Sigma).
Viruses and infection. Three HIV-1 strains with different cell tropism were used in this study: macrophagetropic strain ADA (30); and two T-lymphotropic strains, LAI (4) and NDK (25) . The stocks of HIV-1 LAI and HIV-1 NDK were prepared in primary lymphocytes, and the stock of HIV-1 ADA was prepared in primary macrophages. Aliquoted viruses were stored at Ϫ70°C. Before infection, viral stocks were treated with 200 U of RNase-free DNase per ml (1 h at room temperature) to eliminate contamination with viral DNA. Seven days after isolation, macrophages were infected for 2 h at 37°C with an amount of virus corresponding to 1. , and a 1-min extension (72°C). After agarose gel electrophoresis, amplified DNA was analyzed by Southern blot hybridization with the 32 P-labeled probe. Amplified fragments of the correct size were quantified with an Instant Imager (Packard) and expressed as counts per minute. The following primers and probes were used in the study (numbering of nucleotide positions corresponds to that for the HIV-1 HXB-2 DNA sequence [50] ): for LTR (long terminal repeat) R/U5, sense primer (5Ј-GGCTAACTAGGGAACCCACTG-3Ј; nucleotides 496 to 517), antisense primer (5Ј-CTGCTAGAGATTTTCCAC ACTGAC-3Ј; nucleotides 612 to 635), and probe (5Ј-TGTGTGCCCGTCTGT TGTGTG-3Ј; nucleotides 557 to 577); for LTR U3/R, sense primer (5Ј-CAGA TATCCACTGACCTTTGG-3Ј; nucleotides 110 to 130), antisense primer (5Ј-G AGGCTTAAGCAGTGGGTTC-3Ј; nucleotides 507 to 526), and probe (5Ј-AA GCTAGTACCAGTTGAGCC-3Ј; nucleotides 141 to 160); for pol, sense primer (5Ј-TTCTTCAGAGCAGACCAG-3Ј; nucleotides 2131 to 2149), antisense primer (5Ј-ACTTTTGGGCCATCCATT-3Ј; nucleotides 2592 to 2610), and probe (5Ј-GGAAGCTCTATTAGATACAGG-3Ј; nucleotides 2311 to 2331); for LTR/gag, sense primer (LTR U3 as showed above), antisense primer (5Ј-GCT TAATACTGACGCTCTCGCA-3Ј; nucleotides 794 to 815), and probe (LTRU3/R antisense primer); for two-LTR (2LTR) DNA, sense primer (5Ј-G CCTCAATAAAGCTTGCCTTG-3Ј; nucleotides 522 to 542), antisense primer (5Ј-TCCCAGGCTCAGATCTGGTCTAAC-3Ј; nucleotides 465 to 488), and probe (330-bp MroI/NarI fragment of plasmid MJ2 containing HIV-1 NL4-3 nucleotide sequence [1] ); for ␣-tubulin, sense primer (5Ј-GTTGGTCTGGAAT TCTGTCAG-3Ј; cDNA nucleotides 489 to 507) and antisense primer (5Ј-AAG AAGTCCAAGCTGGAGTTC-3Ј; cDNA nucleotides 756 to 777).
PCR in situ hybridization analysis of HIV-1-specific DNA. HIV-1 DNA was amplified and detected according to a previously published protocol (42, 43) .
Flow cytometric analysis. Seven-day-old macrophages were detached by treatment with cold 10 mM EDTA and washed, and suspensions of 5 ϫ 10 5 cells were preincubated with 20% normal human serum in phosphate-buffered saline for 20 min at room temperature. Cells were then washed and colabeled with anti-CXCR4 monoclonal antibody (MAb) 12G5, directly labeled with phycoerythrin (PE; Pharmingen), and anti-CD14 MAbs, directly labeled with fluorescein isothiocyanate (FITC; Becton Dickinson), or with anti-CD3 MAbs, directly labeled with peridin chlorophyll protein (PerCP; Becton Dickinson), and anti-CD14 MAbs-FITC for 30 min at room temperature in a 100-l volume containing 0.5 g of each antibody. As a control, mouse isotype antibodies, immunoglobulin G2a (IgG2a)-PE, IgG1-PerCP, and IgG2b-FITC, were used. After washing, cells were resuspended in 2% formaldehyde in phosphate-buffered saline and analyzed on FACS 440 (Becton Dickinson).
Calcium mobilization assay. Detached macrophages were washed and incubated for 30 min at 37°C with 5 M Fura-2/AM (Calbiochem) at the concentration of 10 7 cells/ml of Hanks' balanced salt solution (HBSS; 2 mM CaCl 2 , 145 mM NaCl, 5 mM KCl, 1 mM MgSO 4 , 10 mM D-glucose, 10 mM HEPES) containing 1% fetal calf serum. After the initial loading, cells were diluted with HBSS without CaCl 2 and incubated for additional 10 min at 37°C. Afterwards, cells were resuspended in serum-free HBSS prewarmed at 37°C for at least 20 min, and 3 ϫ 10 6 cells were added to a stirred cuvette in a fluorimeter (LS50B; Perkin-Elmer) and stimulated with 1 g of recombinant human SDF1␣ (PeproTech Inc.). Fluorescence was measured at 500-nm emission wavelength, following excitation at both 340 and 380 nm. Final intracellular Ca 2ϩ levels were calculated from the 340/380-nm ratio according to the standard equation, with a dissociation constant of 224 nM for Fura-2.
RESULTS

T-lymphotropic strains infect primary human macrophages.
Infection of primary macrophages with HIV-1 T-lymphotropic viruses does not yield efficient viral replication. In cultures infected with T-lymphotropic strains, we never observed the RT production or formation of multinucleated giant cells, which are easily detected in the cells infected with macrophagetropic viruses. However, low levels of p24 antigen were detected in the supernatants of these cultures (Fig. 1) . Since previous studies of HIV-1 macrophage tropism yielded conflicting results with regard to the ability of T-lymphotropic strains to enter and undergo reverse transcription in primary macrophages (6, 33, 53) , we wished to confirm that T-lymphotropic viruses can infect primary macrophages. First, we analyzed the synthesis of HIV-1-specific DNA in macrophages infected with a macrophagetropic strain, HIV-1 ADA, or two T-lymphotropic viruses, HIV-1 LAI and HIV-1 NDK. To control for possible contamination of the viral inoculum with viral DNA, a parallel infection was carried out in the presence of 10 M zidovudine (AZT), an inhibitor of reverse transcription. Infection with all three viruses yielded similar results, showing a positive PCR signal in samples collected 48 h after infection and cultivated without AZT (Fig. 2) . This result suggests that T-lymphotropic viruses can enter and initiate reverse transcription in primary macrophages.
T-lymphotropic strains enter macrophages via a CD4-dependent mechanism. The CD4 glycoprotein is the major receptor for HIV-1 on T lymphocytes and macrophages: CD4-dependent entry into macrophages has been shown for a variety of macrophagetropic strains of HIV-1 (15, 16) . Due to inefficient replication of HIV-1 T-lymphotropic viruses in macrophages, little is known about the dependence of their entry on specific surface receptors, although infection of macrophages by simian immunodeficiency virus (SIV) T-lymphotropic strains has been shown to depend on CD4 (40) . To   FIG. 1 . Replication of different HIV-1 strains in primary macrophages. Seven-day-old macrophages were infected with HIV-1 LAI, HIV-1 NDK, or HIV-1 ADA. At days 2, 6, and 9 after infection, supernatants were collected and assayed for p24 antigen, using an ELISA kit (DuPont). Results are expressed as means Ϯ standard deviations.
determine if CD4 acts as a receptor on macrophages for HIV-1 T-lymphotropic strains, we infected cultured macrophages with HIV-1 LAI, HIV-1 NDK, or HIV-1 ADA in the presence of a MAb against CD4 (Leu3a; Becton Dickinson). After infection, cells were lysed and analyzed for the presence of strong-stop DNA, the early product of reverse transcription synthesized shortly after viral entry (see Fig. 6 ). Anti-CD4 antibody inhibited production of strong-stop DNA in cultures infected with any of the three viruses (Fig. 3A) . The magnitudes of inhibition were similar for all strains (Fig. 3B) , indicating that the CD4 receptor plays the major role in the entry of T-lymphotropic viruses into primary macrophages.
Expression of CXCR4 on primary macrophages. Expression of mRNA for CXCR4, the main coreceptor for HIV-1 Tlymphotropic strains on T lymphocytes, has been demonstrated in primary macrophages (38, 41) . Since surface expression of this molecule can be influenced by macrophage cultivation conditions (20) , we assayed expression of CXCR4 in our macrophage cultures by flow cytometry. Results presented in the Fig. 4A demonstrate that CXCR4 is expressed on CD14-positive cells. More than 50% of macrophages expressed this coreceptor for T-lymphotropic viruses. Also, colabeling with a anti-CD3 antibody did not show contamination of these cultures with T lymphocytes (Fig. 4A) . To examine the function of CXCR4 on macrophages, we assayed the ability of SDF1␣, a natural ligand of CXCR4, to induce Ca 2ϩ mobilization in primary macrophages. Increased intracellular Ca 2ϩ levels in SDF1␣-treated macrophages (Fig. 4B) indicated that CXCR4 initiated signal transduction. Preincubation of cells with MAb 12G5, which specifically binds to CXCR4 (26) , inhibited the SDF1-mediated increase in intracellular calcium (Fig. 4B) . We conclude from these results that CXCR4 is expressed on macrophages in a functional form.
Entry of T-lymphotropic strains into macrophages is inhibited by SDF1␣, a natural ligand of the CXCR4 receptor. Next, we wished to know if CXCR4 acts as a coreceptor for Tlymphotropic viruses on macrophages. To address this question, we pretreated cells either with SDF1␣ or with RANTES (PeproTech Inc.), a natural ligand of CCR5. Treated and untreated cells were then infected with HIV-1 LAI, HIV-1 NDK, or HIV-1 ADA. Two hours after infection, cells were lysed, and viral DNA was amplified by using primers specific for the LTR R/U5 region (see Fig. 6 ). As expected, RANTES did not inhibit strong-stop DNA synthesis in lymphocytes (Fig. 5A) or macrophages (Fig. 5B ) infected with T-lymphotropic strains. In contrast, SDF1␣ inhibited entry of HIV-1 LAI and HIV-1 NDK into both lymphocytes and macrophages, indicating that CXCR4 is used as a coreceptor for these viruses in both cell types. The same degree of macrophage infection inhibition by SDF1␣ was observed with another T-lymphotropic strain, HIV-1 RF (data not shown). RANTES strongly inhibited entry of HIV-1 ADA into lymphocytes but was much less effective against entry into primary macrophages (Fig. 5) . In addition, in long-term macrophage cultures, the partial inhibitory effect of RANTES on HIV-1 ADA entry was overcome: 14 days after infection, RT levels in the treated cultures were even slightly higher than those in controls (data not shown and reference 52).
Analysis of reverse transcription in primary macrophages infected with T-lymphotropic and macrophagetropic strains of HIV-1. We next analyzed the sequential steps of reverse transcription in macrophages infected with different HIV-1 strains. Since the accumulation of full-length viral DNA in HIV-1-infected macrophages reaches a peak between 36 and 48 h after infection (45), we collected samples at 0.5, 2, 6, 12, 24, and 48 h after inoculation. Each cell lysate was analyzed by PCR, using primers (Fig. 6 ) designed according to a generally (61) . To evaluate the sensitivity of the chosen primer pairs, different dilutions of lysate prepared from 8E5/LAI cells, containing one proviral copy per cell, were amplified in parallel (Fig. 7E) . The detection limit of all oligonucleotide primers ranged from two to five HIV-1 copies. The amount of total DNA was controlled by amplifying the cellular ␣-tubulin gene (data not shown). Strong-stop DNA (amplified with LTR R/U5 primers) was synthesized rapidly in infected macrophages. The peak of synthesis was reached by 2 h after infection with HIV-1 ADA (Fig.  7A) . Infection with HIV-1 LAI or HIV-1 NDK resulted in a slower accumulation of R/U5 DNA, with the peak reached at 6 h after infection. At that time, the levels of strong-stop DNA were similar in macrophages infected with any of the three viruses. In experiments presented in Fig. 3 and 5B, the levels of strong-stop DNA in cells infected with HIV-1 ADA and HIV-1 NDK were the same at 2 h after infection. These slight differences in kinetics of reverse transcription can be explained by the well-documented phenomenon of donor variability (47) .
Oligonucleotide primers from the U3/R region of the LTR can detect the reverse transcription product synthesized after the first strand transfer (Fig. 6 ). Using this primer pair, we observed a delay in reverse transcription of HIV-1 LAI and HIV-1 NDK compared to HIV-1 ADA, but in samples collected 24 h after infection, the levels were similar to those in HIV-1 ADA-infected cultures (Fig. 7B) . The first significant differences between the T-lymphotropic viruses and the macrophagetropic ADA strain were detected by using oligonucleotide primers amplifying the pol gene (Fig. 7C) and LTR/gag primers that amplify DNA formed after the second template switch (Fig. 7D) . The levels of these transcripts in cells infected with HIV-1 LAI and HIV-1 NDK were significantly lower than in cells infected with HIV-1 ADA.
Inefficient nuclear translocation is an important factor contributing to the restricted replication of T-lymphotropic strains in macrophages. 2LTR DNA circles are formed exclusively in the nucleus (8, 9) and provide a useful marker for successful nuclear translocation of the HIV-1 DNA. Thus, to analyze nuclear import of the HIV-1 DNA, we measured production of viral 2LTR circular DNA in the samples collected 2, 6, 12, 24, and 48 h after infection with HIV-1 macrophagetropic or T-lymphotropic strains. The differences observed between T-lymphotropic and macrophagetropic strains during the intermediate and later phases of reverse transcription ( Fig.  7C and D) increased markedly at the step of nuclear import (Fig. 8A) . To control for efficiency of 2LTR circle formation, we measured production of viral 2LTR circular DNA in samples prepared 48 h after infection of primary T lymphocytes (Fig. 8A) . Obtained results demonstrated that levels of 2LTR DNA in HIV-1 LAI-infected cultures were higher than those in HIV-1 ADA-infected T lymphocytes (Fig. 8A) , correlating with the replication pattern of these viruses in primary T cells (data not shown). To quantitate the differences obtained in primary macrophages at the step of nuclear import, we calculated the nuclear translocation index (23) , which reflects the efficiency of nuclear import of reverse-transcribed viral DNA. This index was calculated as the ratio of 2LTR circular DNA to total viral DNA in each culture infected with HIV-1 LAI or HIV-1 NDK, normalized to the ratio in HIV-1 ADA-infected culture. The nuclear translocation index, calculated and averaged from three independent experiments (performed with cells isolated from different blood donors), each done in duplicate, clearly demonstrated inefficient nuclear import in cultures infected with T-lymphotropic viruses (Fig. 8B) . Consistent with this result, PCR in situ hybridization demonstrated a nuclear as well as cytoplasmic HIV-1 DNA-specific signal in macrophages infected with T-lymphotropic viruses, while only nuclear signal was detected in cells infected with macrophagetropic strain (data not shown).
DISCUSSION
In this study, we investigated the determinants of HIV-1 replication in primary macrophages. Several lines of evidence suggest that the critical step at which replication of T-lymphotropic strains in macrophages is aborted occurs after entry and initiation of reverse transcription, most likely at the step of nuclear import of the viral preintegration complexes (PIC). First, we show that CXCR4, the major coreceptor for T-lymphotropic strains, is expressed on macrophages in a functional form (Fig. 4) and acts as a coreceptor for T-lymphotropic viruses (Fig. 5B) . Second, only a slight delay in the synthesis of strong-stop DNA, an early product of reverse transcription, was found in macrophages infected with T-lymphotropic strains compared to HIV-1 ADA-infected cultures (Fig. 7A) . Third, major differences were detected at the step of nuclear import (Fig. 8) .
A number of studies characterizing viral factors responsible for selective tropism of HIV-1 strains identified envelope gly- coprotein gp120 as a major determinant of efficient viral replication in macrophages (34, 44, 55) . Together with studies that reported a close correspondence between the fusion specificities of Env proteins and the tropism of isolates from which they were derived (6), these earlier results suggested that fusion between the viral and cellular membranes is the step at which the outcome of HIV-1 infection of macrophages is determined. However, other groups documented that replication of T-lymphotropic viruses in macrophages was restricted at a step following viral entry (33, 49, 53) . Results presented in this study confirm those earlier observations that T-lymphotropic HIV-1 strains efficiently enter macrophages. In addition, we demonstrate that the entry is mediated by the CD4 and CXCR4 molecules on macrophages, the same receptors that mediate entry of these viruses into T cells (27) . It was shown previously (57) that some dualtropic primary syncytium-induc- Recently, CXCR4 was shown to mediate entry of dualtropic but not T-lymphotropic viruses into primary macrophages in a CCR5-independent fashion (63) . Our results show that CXCR4 can act as a coreceptor for HIV-1 T-lymphotropic viruses on these cells. The discrepancies between our results and those obtained previously (63) could be due to differences in viral strains used. Studies with chimeric chemokine receptors (37, 48) have shown that individual HIV-1 strains interact differently with CXCR4, and the possibility raised in the previous work (63) that CXCR4 is expressed on macrophages in a form that is functional as a cofactor for entry of some but not other HIV-1 isolates can possibly explain the observed differences. Also, utilization of CXCR4 by T-lymphotropic isolates may depend on expression of CD4 (36), and since macrophages express lower levels of CD4 than T lymphocytes, the level of CXCR4 expression can be critical for efficient entry of certain HIV-1 strains. Thus, different culture conditions of primary macrophages, resulting in differences in expression of coreceptor molecules on the cell surface, can also account for observed differences.
It is puzzling why macrophages, which express both CD4 and CXCR4 molecules, do not support efficient replication of Tlymphotropic viruses. One possibility is that the CXCR4 coreceptor expressed on macrophages, while functional in the way of receptor-mediated signaling (Fig. 4) , does not support fusion with the Env of T-lymphotropic viruses. This hypothesis would be in agreement with the results of Broder and Berger (6), describing inability of Env derived from T-lymphotropic viruses to fuse with macrophages in a cell-cell fusion assay. However, in contrast to these results, Simmons et al. (56) showed efficient fusion of T-cell lines, persistently infected with T-lymphotropic viruses, with primary macrophages, while the same T-lymphotropic viruses did not infect macrophages. These results, taken together with our observations, suggest that CXCR4-mediated virus entry can differ in macrophages and T lymphocytes.
Results presented here show that the replication block for T-lymphotropic viruses in macrophages occurs at a postentry level, and predominantly at the step of nuclear importation of the viral PICs. Although some delay in the reverse transcription and lower levels of the late viral transcripts were also observed, we believe that they reflect a lower efficiency of reverse transcription within the cytoplasmic compartment than in the nucleus, where late products of reverse transcription are synthesized more efficiently during productive infection (10) . Thus, inefficient nuclear import of the PIC of T-lymphotropic strains in macrophages can account for lower levels of intermediate and late transcripts in these cultures. A fivefold difference (Fig. 8 ) between macrophagetropic and T-lymphotropic viruses in the level of nuclear import (nuclear translocation index) does not seem sufficient to account for the observed differences in viral replication. However, differences in the p24 antigen levels measured at the same time intervals were in the same range (data not shown). Amplification of these differences during several rounds of reinfection can explain observed phenomenon. However, we cannot exclude completely that restriction for T-lymphotropic viruses occurs also at the level of reverse transcription.
At the first glance, our finding that replication of T-lympho- tropic HIV-1 strains in macrophages is restricted at the postentry steps, and predominantly at the level of nuclear import, is inconsistent with the demonstrated role of the Env protein in determining the replication fate of such viruses (34, 44, 55) . Indeed, the viral envelope is not part of the PIC, which comprises viral nucleic acids and several viral proteins, including integrase, matrix antigen, Vpr, and RT (10, 29, 31, 62) . Therefore, the steps in the viral life cycle preceding formation of the PIC can somehow affect the efficiency of nuclear import. A precedent for this phenomenon has been documented in a recent study with SIV, where differential use of the CCR5 coreceptor by different SIV strains determined the fate of viral infection of macrophages at a postentry step (24) . Also, Tlymphotropic SIV mac239 enters macrophages as efficiently as macrophagetropic SIV isolates yet fails to replicate (40) . Primary HIV-1 isolates can efficiently enter macaque cells expressing human CD4, presumably by using a simian coreceptor; however, expression of the human coreceptor is required for productive virus infection in these cells (11) . Thus, coreceptors not only participate in viral entry but also influence later stages of virus replication, either through signaling or, more likely, by targeting viral PICs to a subcellular compartment, where postentry events take place. Therefore, differences in utilization of coreceptors on primary macrophages may result in targeting the viral PIC to a different compartment which does not support efficient nuclear import. Further work using a chimeras of macrophagetropic and T-lymphotropic viruses will be necessary to test this hypothesis. Thus, it remains to be seen whether the mode of viral entry or coreceptor usage determines the intracellular compartment to which the virus is targeted. Such studies would be useful for elucidating the mechanisms of HIV-1 replication in macrophages and a better understanding of AIDS pathogenesis.
